Abstract: Sustainable access to safe drinking water remains a global problem as more people in the world still consume water from unimproved sources. This study was carried out to evaluate the quality of 12 different water sources and 2 treated water used by a peri-urban town in the Southwest region of Nigeria to assess their suitability for drinking and domestic use. Water quality parameters studied include pH, temperature, acidity, total alkalinity, chloride content and total CO 2 . A Flame Atomic Absorption spectrophotometer was used to determine the concentrations of Ca, Mg, Cu, Cr, and Pb in the water samples. The total coliform was determined using the most probable number technique while a qualitative method was used to detect the presence of faecal coliform and E. coli in the water samples. All the physicochemical water quality parameters complied with regulatory standards. Similarly, most of the heavy metals also complied except for some sites. Faecal coliform and E. coli tested positive for all the samples except one of the tap water sample. Majority of the water samples (86%) were rated as excellent based on the physicochemical parameters. One sample each was rated as having poor and good water quality, respectively. All the samples tested positive for faecal coliform bacteria and E. coli except one (treated water). It is recommended that Microbial water quality parameters be included in all Water Quality Index (WQI) analyses in order to give the true status of the quality of a water resource.
Introduction
The consumption of water from surface and groundwater sources without any form of treatment is widely reported in the literature [1] [2] [3] [4] [5] [6] [7] . Groundwater is often the first alternative choice of many consumers due to its perceived cleanness and safeness. However, many studies have shown that groundwater can appear clean but houses a wide variety of pathogenic organisms. The safety of groundwater (shallow and deep groundwater sources) depends on a number of factors amongst which are (I) the geology of the area (II) human activities/land use activities of the area (III) environmental and meteorological conditions of the area. Groundwater with high fluoride, arsenic, mercury and cyanide levels have been reported globally [8] [9] [10] [11] [12] [13] [14] . There is an urgent need for the constant monitoring of groundwater as a major component of Water Resource Management [15] [16] [17] .
Surface water sources in pristine environments are always of better quality when compared to those prone to anthropogenic influences. Surface waters are the best sinks for several point and non-point sources of pollution such as wastewater from agricultural and industrial processes, storm runoff amongst others [7, 18] .
The consumption of clean and safe drinking water has been linked to positive health outcomes and vice versa. Continuous and sustainable access to potable water supply remains a major challenge to millions of people around the world. This problem is exacerbated in rural areas of most developing countries due to the lack of water supply infrastructure or the inadequate supply of potable water [1, 3] . In the absence of sustainable access to potable water, people are left with no choice than to seek for alternative sources of water which are often groundwater sources through shallow or deep wells and boreholes or the abstraction of water from rivers and lakes [1, 3, 19, 20] .
Previous studies have reported several outbreaks of water-borne diseases due to the consumption of contaminated surface and groundwater [15, 19] . Hence, the consumption of untreated and inadequately treated water remains a major disease burden to public health. Most studies performed on the quality of surface and groundwater fail to present the results in the simplest form possible to policymakers and concerned citizens about the state of their water resources [21] [22] [23] . This problem is overcome if the results are reported using the Water quality index (WQI). Thus, complex water quality parameters investigated on water resources can be combined in a simple mathematical equation to generate results which are easy to understand by policymakers who may not be water specialists [24] . WQI thus transforms a large number of water quality data into a single number. It aids the understanding of water quality issues by integrating complex data and generating a score that describes water quality status [25] [26] [27] .
Therefore, WQI is employed to understand the overall water quality status of water resources, be they surface or groundwater. Although there are some limitations associated with WQI because basic microbial parameters are often not included [26] [27] [28] , it still remains an indispensable tool to understand the water quality status of drinking water based on their physicochemical parameters. Several methods have been reported for the estimation of water quality index. A few authors have, however, reported the incorporation of E. coli and other faecal indicator organisms into the water quality index to accommodate the microbiological parameters, but this is not the norm [21, 29] .
To this end, this study was carried out to assess the quality of various water sources used by residents of Olorunsogo Local Government area of Oyo State, Nigeria. Most of these water sources have not been characterized before now. The water quality status of the water resources in the study area, as determined by the WQI, is also presented.
The study area is located in the Olorunsogo Local Government of the Oyo State Nigeria, with geographical coordinates 8.7525096 • N and 4.1349309 • E. The area is characterized by a low level of environmental sanitation with several pit toilets, poor housing plans, lack of potable water and improper solid waste and wastewater management. It has a population of 81,000 as of 2006. The rainy season is usually from April-October while the dry season is from November to March.
Materials and Methods

Sampling
A total of 28 samples were collected in the dry season from ground and surface water sources within and around the study area. Sterile polyethylene bottles were used to collect 14 samples for microbiological analysis, while samples for the other parameters of interest were collected using a pre-cleaned polyethylene bottle. The surface water (SW) sources were designated SW1-SW7. SW1 and SW3 represent treated (potable) water supplied by the Local government while the groundwater (GW) sources were designated GW1-GW7, respectively. The samples were transported on ice to the laboratory for further analysis. Field measurement of pH and temperature were performed using a multimeter (CRISON MM 40, Barcelona, Spain). Microbiological samples were analysed immediately when they arrived at the laboratory within six hours of collection.
Physicochemical Measurement
The measurements of pH and temperature were done on the field using a multimeter (CRISON MM 40, Barcelona, Spain). The concentrations of heavy metals were measured using the Buck Scientific Flame Atomic Absorption Spectrophotometer (Scientific 200A model) at the International Institute of Tropical Agriculture (IITA), Ibadan, Oyo State, Nigeria. Physicochemical parameters such as the total alkalinity, acidity, total CO 2 and chloride levels were determined in the laboratory following standard methods recommended by APHA [30] 2.3. Water Quality Index (WQI) Determination
An effective monitoring tool that provides useful information of water from various sources is the water quality index which often incorporates several water quality parameters to describe the state of the water resources and its potential application for drinking purposes. Several authors have reported variable weights assigned to a particular water quality parameter ( Table 1 ). The choice of the weight is usually due to the perceived risk that a specific parameter is likely to have. A maximum number of 5 is usually assigned to water quality parameters with the highest perceived risk in drinking water while 1 was assigned to the least perceived water quality risk parameter. The values reported for chloride ranges between 1-5. Chloride has a low health risk in drinking water with a World Health Organization (WHO) permissible limit of 250 mg/L [31] . The major concern of Cl is that it affects the taste of drinking water when present in relatively high concentrations. There is, however, a consensus on pH as most authors have assigned the weight of 4 to it. Reference Rao and Nageswararao [32] Shamar et al [33] Kawo and Karuppannan [34] Chourasia [35] This study
Where ND is a parameter that was not determined in a particular study.
In this study, seven parameters were used to estimate the WQI of surface and groundwater in the study area. Parameters that are important in water quality assessment such as Cr and Mn were assigned 5 while those like chloride which play insignificant roles in the assessment of water quality were assigned 1 ( Table 2) . Others were assigned values between 1-5 based on their relevance in water quality assessment [32] [33] [34] [35] . 
The relative weight of the parameters was computed using the relationship in Equation (1) below:
W i represents the relative weight of the parameter, w i is the weight of each parameter and n is the total number of parameters. The calculated relative weight (W i ) values of each parameter are given in Table 2 . For each of the parameters, a quality rating scale (q i ) was determined using the relationship in Equation (2) below:
where q i is the quality rating and C i the concentration (mg/L) of each chemical parameter in each water sample. S i is the WHO [31] drinking water standard for each of the parameter. The sub-index and WQI were computed using the relationship in Equations (3) and (4), respectively
where SI i is the sub-index of the ith parameter and q i is the rating based on the concentration of the ith parameter. Table 3 shows the range of the water quality index specified for drinking water. Table 3 . The water quality classification based on the water quality index (WQI) value Singh and Hussian [36] .
WQI Range Water Quality
<50 Excellent water 50-100
Good water 100-200
Poor water 200-300
Very poor water >300
Water unsuitable for drinking purpose
Microbiological Analyses
Enumeration of Total Bacteria Count
The total coliform in the water samples was determined using the Most Probable Number (MPN) technique as described in Packiyam et al. [37] .
Identification of Faecal Coliform and E. coli in Water Samples
This was performed using the preventive and confirmatory tests as reported by Packiyam et al. [37] . The procedure used was to process 5 aliquots of sample water for 3 dilutions. Fifteen tubes were used for the presumptive test. A 10 mL double strength lactose broth was put in 5 test tubes and 10 mL single strength lactose broth were put in 10 test tubes. An Table) .
Confirmatory Test
In the confirmation test, test tubes of brilliant green lactose bile broth (BGLB broth) and E. coli broth (EC broth) (44653 Sigma-Aldrich, Johannesburg, South Africa) containing inverted Durham tubes were prepared and sterilised. The number of each of the BGLB broth and EC broth tubes corresponded to the number of positives in the presumptive test. Using a sterile wire loop, inocula were transferred from positive tubes in the presumptive test into each of the BGLB broth and EC broth tubes. The loop was sterilized between successive transfers by heating it in a flame until red hot and allowed to cool before use. The tubes were carefully labelled and incubated for 48 h at 37 • C for the BGLB broth and 24 h at 44 • C for the E. coli medium. The elevated incubation temperature for the EC broth encourages the growth of faecal coliforms while suppressing the non-faecal coliforms. Positive BGLB tubes confirm the presence of faecal coliforms as it distinguishes between this group and the general coliforms. Inocula from positive EC broth tubes were streaked on Eosin Methylene Blue agar plates and incubated for 24 h at 35 • C. The resulting dark centred, metallic sheen colonies suspected to be E. coli were streaked on nutrient agar slants and incubated for 24 h at 35 • C. Gram staining was performed and cultures appearing as Gram-negative, bacilli were subjected to the IMViC tests.
Results
The total coliform determined for tap water in the study area (SW1&SW3), surface water (SW2, SW4-SW7) and groundwater (GW1-GW7) are presented in Figure 1 . In most cases, the surface water had a higher bacteria count than groundwater. Table 4 shows that faecal coliform and E. coli were present in most of the samples except for one of the tap water samples (S3). 
The total coliform determined for tap water in the study area (SW1&SW3), surface water (SW2, SW4-SW7) and groundwater (GW1-GW7) are presented in Figure 1 . In most cases, the surface water had a higher bacteria count than groundwater. Table 4 shows that faecal coliform and E. coli were present in most of the samples except for one of the tap water samples (S3). Where SW represent surface water sources with the exception of SW1&SW3 which represents tap water. GW represent groundwater sources and "+" indicate the presence of faecal coliform and E. coli while "-": the absence of both organisms. Table 5 showed the water quality status of each of the water sources. Most of the water sources were rated excellent based on the chemical water quality parameters only. The various results obtained for the physicochemical analysis of the water samples from the various sites are presented in Figure 2 . The pH ranged between 6.66-8.33 and 6.83-8.65 for both surface and groundwater, respectively. Higher levels of chloride were determined in groundwater (8.51-74 .46 mg/L) than surface water (2.84-21.98 mg/L). The temperature ranged between 25-31 for all the water sources. The total CO 2 values were in the range of 3-11.99 mg/L and 4.99-11.99 mg/L for surface and groundwater, respectively. Higher levels of acidity as CaCO 3 were recorded for groundwater (22.5-125 mg/L) than for surface water (17.5-82.5 mg/L). The total alkalinity varied between 30-128 mg/L and 48-168 mg/L for surface and groundwater, respectively. surface and groundwater, respectively. Higher levels of chloride were determined in groundwater (8.51-74 .46 mg/L) than surface water (2.84-21.98 mg/L). The temperature ranged between 25-31 for all the water sources. The total CO2 values were in the range of 3-11.99 mg/L and 4.99-11.99 mg/L for surface and groundwater, respectively. Higher levels of acidity as CaCO3 were recorded for groundwater (22.5-125 mg/L) than for surface water (17.5-82.5 mg/L). The total alkalinity varied between 30-128 mg/L and 48-168 mg/L for surface and groundwater, respectively. The concentration of Pb in the surface water sources were below the detection limit (bdl). However, for the groundwater samples, Pb ranged from bdl-0.03 mg/L. Ca varied between 0.19-14.47 mg/L and bdl-24.49 mg/L in surface and groundwater, respectively (Figure 3) . Similarly, the Mg values ranged from 0.28-21.20 mg/L and bdl-12.06 mg/L in surface and groundwater. Low levels of copper were determined in both types of water with the highest value of 0.01 mg/L. Higher levels of Cr were determined in groundwater samples (0.01-0.32 mg/L) than in surface water samples (bdl-0.03 mg/L). Moderate levels of Mn were determined in both water types, ranging from bdl to 0.12 mg/L. 
Discussion
Results from the microbiological analysis of the various water samples indicate the presence of bacteria in all the samples except for the control sample (de-ionized water) and one of the tap waters supplied to the community. Although the presence of E. coli in the treated water is unexpected, several reports in the literature have shown that inadequate treatment of potable water exists in developing countries [1, 19] . The reason for this can be partly due to the lack of the adequate dosage of water disinfectants (such as chlorine tablet or chlorine gas) or the failure of the water treatment process in the facility. The presence of faecal coliform and E. coli in all the water sources except in tap water indicate that they are not fit for human consumption without prior adequate treatment. Several health risks have been associated with the consumption of faecal contaminated water and this problem is exacerbated in children under the age of 5 and immuno-compromised adults [1, 3, 5] . Waterborne diseases such as cholera and diarrhoea, dysentery, hepatitis A, typhoid, and polio amongst others are the leading causes of underage death [5, 38, 39] .
All the physicochemical parameters that were investigated complied with the WHO [40] drinking water standards. Although the WHO guideline did not have values for some of the parameters studied like the total CO2 and temperature. All the metals investigated complied with the 
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All the physicochemical parameters that were investigated complied with the WHO [40] drinking water standards. Although the WHO guideline did not have values for some of the parameters studied like the total CO 2 and temperature. All the metals investigated complied with the regulatory guideline except for groundwater samples GW2 and GW3 which had concentrations of Cr higher than the regulatory standard of WHO (0.05 mg/L). The levels of Ca, Mg, and Cu in both SW and GW complied with the WHO standards for all the sites. Pb was not determined in the surface and tap water samples under the experiment condition. The permissible limit of 0.01 mg/L was only exceeded at GW2. Sampling site GW2 tends to have higher levels of heavy metals compared to other sites. This could possibly be due to land excavation and mining activities around this site.
The WQI based on the physicochemical parameters ranked most of the water as excellent water except for GW2 and GW3, which were ranked poor and good water, respectively. This implies that the use of other sources of water for domestic and irrigational purposes should pose no health risk to the consumers. However, the results from the microbial analysis showed that only SW3, which is tap water, did not test positive for faecal coliform and E. coli, hence, it has excellent quality. This further strengthens the argument that microbial parameters should be included in water quality indices. Presenting the WQI with only the chemical parameters-as this is the case in most scholarly publications-can be misleading and can defeat the aim of using the water quality index in order to provide a comprehensive status of the water quality of water sources to policymakers and concerned citizens.
Similar findings have been reported in several parts of the world with most chemical parameters complying with the parameters, but not with the microbial parameters in both surface and ground water [1, 3, 5] . It is recommended that WQI based on the microbial water quality parameter should be developed and tested because the microbial contamination of drinking water is the most critical parameter in many places of the world which poses the highest health risk to the public.
Conclusions
All of the water samples tested positive for faecal indicator organisms and E. coli except one of the tap water (SW3). Most of the physicochemical water quality parameters complied with the WHO regulatory standard for drinking water. Based on the physicochemical results, 86% of the samples is regarded as excellent water. The inclusion of microbiological parameter data to WQI revealed that only 7% of the samples analysed can be regarded as excellent water. Therefore, the inclusion of microbiological water quality parameter is paramount to have a comprehensive unbiased form of data.
